T
he Internet is a massively expanding body of information, with an estimated 320 million Web pages available. 1 In 1997 an estimated 24 million North Americans used the Internet, 2 and Internet use has been estimated to double each year. 3 Even prior to the advent of the Internet as a source of medical information, patients have become more informed regarding their care, 4 seeking increased amounts of information regarding their diagnoses and primarily wanting more information regarding their treatment options. In the past, these patients would rely heavily on health professionals for this information, through conversations or from pamphlets, videos, or books available to physicians for office distribution. Some resourceful patients may have ventured into medical libraries and some may have navigated through Index Medicus. Even the accessibility of MEDLINE searches in libraries and public institutions provided patients chiefly with peer-reviewed medical articles.
We are living in a time of exponential expansion in accessibility to medical information. Data that previously would have required hours of research in a medical library now can be found easily by anyone with access to the Internet. This has enhanced the medical professional's ability to gain extensive knowledge of research findings from many different medical specialties. However, medical professionals are not the only ones searching the Internet for such information. Our patients have the same capability that we have to research a medical topic thoroughly via the Internet. However, of concern is the quality of this newly gained knowledge. The free flow of information on the Internet permits anyone with good computer skills and a modem to establish a Web site with whatever information they wish to share. In this respect, the Internet becomes the great equalizer: experts, specialists, authorities, professionals, alternative therapy promoters, interested lay people, charlatans, and hucksters all may set up sites containing information regarding specific topics of interest.
As physicians, we are concerned whether medical information found on the Internet by our patients is current and accurate. In the medical literature, the distinguishing characteristic of reputable and scientifically useful information is peer review; this process assures readers that publications have been submitted to review by acknowledged experts for their opinions and recommendations. [5] [6] [7] The lay public for the most part is unaware of the peer review process as well as the degree of scrutiny to which published medical material has been subject. Although the form of peer review may differ from journal to journal, it generally is accepted that research studies submitted to peer review will be presented in such a way that potential users can assess observations, replicate the study experiments, and evaluate the authors' conclusions. 8 Readers of peer-reviewed articles thus are reasonably assured that the data in such articles are scientifically valid and the conclusions drawn by the authors are sound. Do patients accessing the Internet for cancer information experience these same assurances regarding medical information found through their searches?
To evaluate the accuracy, ease, and variability of cancer information retrieval from a patient perspective, we performed a systematic study of cancer information on the Internet, categorizing and defining the information retrieved. Searching the broad topic of "cancer" or even one of the more common types of cancer such as cancer of the breast or prostate will yield unwieldy amounts of information. 9 To narrow our search, we selected one medical topic to explore: Ewing sarcoma.
First, we used seven search engines available on the homepage of Netscape™, a popular Internet browser, 10 to assess the number of Internet "addresses" or uniform/universal resource locators (URLs) given for the topic of Ewing sarcoma. We also tested different search engines using combinations of capitalization and punctuation of the term (Table 1) to simulate the variability that may occur when a person accesses this information. We used the more common "Ewing's"/"Ewings" to illustrate the point. To simulate the experience of a user with limited familiarity of the Internet, we did not use more sophisticated searching mechanisms (e.g., Boolean operators, which are available with some search engines).
Second, we developed a rating system to standardize an instrument we could use to abstract medical information (Fig. 1) . Specifically, we devised this instrument to evaluate each Internet Web page for its relevance to the search topic, whether the site contained medical information, whether the information was anecdotal, and whether the information was peer reviewed. Furthermore, we evaluated the frequency of agreement and interobserver reliability between the two observers (J.S.B. and G.J.G.). Each observer eval- Third, we selected four of the most commonly used search engines available from the Netscape home page. We used four rather than the initial seven search engines to generate a more manageable number of Web pages. Each of the two observers then undertook searches of "Ewing's Sarcoma," using two different search engines, during a 4-week period. Observer 1 (J.S.B.) searched using Infoseek and Lycos; Observer 2 (G.J.G.) searched using Yahoo and Webcrawler. The first 100 postings for each search engine were analyzed using the rating system. This resulted in the analysis of 400 URLs.
The interconnecting, linked structure of the Internet can make it difficult to determine where one source of information ends and another begins. To standardize the evaluation of the retrieved material, we agreed that each evaluation would be conducted on the basis of the initial appearing page, and that hyperlinks would not be followed to other parts of the Web site, domain, or Internet. We made an exception if the initial page was a table of contents with "Ewing's Sarcoma" listed, allowing one hyperlink to the page listed. We evaluated each page (including scrolling), that appeared after making the hypertext link from the search engine results. Figure 1 summarizes the flow of information using the guide we developed for evaluating medical Web pages. We first classified the sites according to their relevance to the topic of inquiry. Some Web pages were completely unrelated to Ewing's sarcoma and had to do with the use of the word "Ewing" in another context (for example, an individual with the surname "Ewing"). Other Web pages mentioned Ewing sarcoma, but in such a way that they would be irrelevant to the reader searching for information regarding the medical diagnosis. (For example, Ewing sarcoma appeared in the publication list of a molecular biologist who used Ewing cell lines in one experiment.) Web pages were rated "peripherally related" if they provided some information regarding Ewing sarcoma but mainly were about another subject (for example, causes of bone pain in children). Other pages were rated as "relevant" if information included Ewing sarcoma as a significant subset of a group (e.g., "sarcomas" or "bone cancers"). Finally, articles whose main topics were about Ewing sarcoma were classified as the "main point."
For those pages considered to have relevance to Ewing sarcoma, whether peripherally related, dealing with the disease as part of a larger group, or with Ewing sarcoma as the main point, we next evaluated the type of information they contained. We separated Web pages into those that primarily were human interest stories (for example, correspondence from discussion groups that occasionally appeared as a product of the search engines), those that primarily were link pages to other sites, and those pages that actually contained medical information.
The pages that contained medical information then were classified by the type of information: 1) anecdotal or testimonial, 2) primarily concerned with alternative medical therapy, 3) medical case reports, 4) general descriptions or diagnostic information only, or 5) primarily containing treatment information.
Because we were interested in the type of treatment information available, we evaluated the subgroup of pages that had specific information regarding treatment. Specifically, we determined whether the treatment was from 1) national or cooperative group clinical trials, 2) institutional clinical trials, 3) both national and institutional trials, 4) institutional reports, or 5) if the treatment discussed was not specific to Ewing sarcoma.
For all Web pages that contained medical information, we rated the information according to its peer review status: 1) posting without reference to publication or presentation, 2) posting from a nonpeer-reviewed journal or publication, 3) posting from a printed textbook, 4) posting with reference to a medical or scientific meeting presentation, or 5) posting from a peer-reviewed source, including peer-reviewed publications, consensus statements, and national or institutional trials.
Finally, all material that was evaluated as medical information but not peer reviewed was read carefully by two of the investigators (J.S.B and L.H.B) to discern gross factual inaccuracies. We used the textbook by DeVita et al. 12 as a standard for comparison. We con-sidered inaccurate only those statements that were notably divergent from currently accepted information on the topic and material presented in the text. We found considerable variability among the numbers of URLs retrieved based on various spellings and the use of different search engines (Table 1) . Retrieved URLs from a search on "Ewing's Sarcoma" varied from 55 (HotBot, searching "Ewings Sarcoma") to 27,013 (Excite). Although some search engines gave equal numbers of URLs independent of capitalization (Excite, Webcrawler, and Yahoo), others did not (Looksmart, Infoseek, HotBot, and Alta Vista). Furthermore, in some search engines the presence or absence of the apostrophe affected search results as well.
Of the 400 URLs evaluated (100 from each of 4 search engines), 29 were duplicated on at least 2 of the search engines. Thus, 371 unique evaluable URLs were included in this study (Table 2) . To verify the reliability of our rating system, we used a random numbers table to select 25 sites from the search list to be reevaluated by each observer. The kappa statistic for interobserver reliability was 0.65 (95% CI, 0.38, 0.92), indicating good agreement between the observers for classifying pages by important information related to Ewing sarcoma. Intraobserver reliability also was good with a kappa statistic for Observer 1 of 0.75 (95% CI, 0.55, 0.95) and a kappa statistic for Observer 2 of 0.91 (95% CI, 0.74 -1.0).
Further evaluation demonstrated that the majority (215 of 371) of the URLs led to Web pages that contained medical information; 7 pages were human interest stories containing no medical information and 38 pages predominantly were link pages with little or no medical information (Table 3) . We further evaluated those pages with medical information ( Table 4 ) and found that the majority contained general information related to the diagnosis or treatment of Ewing sarcoma and 44 pages contained information regarding specific treatments. For those pages addressing specific types of treatment ( mation that was peer reviewed. Many of the Web pages containing peer-reviewed material had copied the PDQ information from the National Cancer Institute. Finally, we combined all sources of medical information determined not to be peer reviewed (i.e., nonpeer-reviewed sources, textbook sources, or no sources listed) and evaluated these for accuracy of content (65 of 165). We were able to find 4 cases (4 of 70; 6%) of clearly erroneous information. The Encyclopaedia Britannica's Web page stated that "Ewing's tumour is particularly destructive, metastasizes (seeds itself elsewhere in the body) early, and has a mortality rate of about 95% even with radical therapy." On a different page, retrieved independently, it went on to say that "sarcomas are generally divided into bone and soft-tissue tumors, the latter being much less common" (http:/www.eb.com/cgi-bin/g?keywords ϭEwing%27s%20sarcoma%20%28path%2e%29). And, lastly, a third page cited a survival rate for Ewing sarcoma as 85% (http://www.worldmall.com/erf/ lectures/bones.htm) (too high). We also found information so outdated as to be erroneous: "Always get some fresh tissue to be set in glutaraldehyde for EM studies" (http://gasbone.herston.uq.edu.au/ϳortho/ regsum/genorth/09TUMOR/Ewings.html). (The use of immunohistochemistry, cytogenetics, and, in some cases polymerase chain reaction, has replaced the use of electron microscopy in the diagnosis of Ewing sarcoma.)
We also found a number of mildly misleading statements such as "This tumor is frequently fatal" (http://familyinternet.com/mhc/top/001302.htm). Although this statement is not patently false, when interpreted in the strictest sense, it still has significant potential to be misleading.
With the advent of the Internet, not only can anyone search for information, but nearly anyone with a computer, modem, and some programming skills can disseminate information widely and sometimes indiscriminately. Search engines now access Web pages from reputable sources such as the National Cancer Institute or the American Cancer Society sideby-side with other sites that include only anecdotal experience or testimonials from discussion groups. Although peer review remains the mechanism whereby the widespread dissemination of unchecked medical information is minimized in printed material, no such restraint necessarily is present on the Internet. There are 1.7 cases of Ewing sarcoma per million in the white population, 12 or approximately 250 new cases diagnosed annually in the U.S.; nevertheless, when one searches the Internet for postings on this disease, thousands of records may be retrieved. A significant portion of the material reviewed on the Internet in our study was not peer reviewed, and some of it was erroneous. Table 7 lists Web page references found for the search term "Ewing's Sarcoma."
Inclusion of a Web page in a searchable index depends not on quality standards developed for the evaluation of medical information but on "net appeal," which refers to the level of innovation used on the page such as graphics, sound, and color. 13 A number of purported health information rating systems have been developed for Internet use, but they are incompletely developed instruments and it is unclear whether they actually are helpful. 14 The factually incorrect and misleading Web pages found in this study are particularly concerning. It is not intuitively obvious that a sophisticated instrument such as the computer may yield inaccurate or false information. Although an inaccuracy rate of 6% may not appear high, in our study it is the quality rather than the quantity of misinformation that is at issue. For example, Web pages reported survival rates as low as 5% or as high as 85%. The majority of experts anticipate a survival rate of 70 -75%.
12, 15 The parents of a child diagnosed with Ewing sarcoma may be devastated by a finding on the Internet of a 95% mortality rate, and even be driven to consider refusing therapy if they are convinced that conventional medial science (even "radical" therapy) yields such a dismal prognosis. Alternatively, they may believe that an organization that lists an 85% cure rate may provide better therapy than one that posts a cure rate more in line with the peer-reviewed published trials. Although inaccurate or misleading statements may represent a small minority of the information available, the devastating effect these postings would have on vulnerable patients is incalculable. Even subtle inaccuracies may create a wedge between physician and patient. 16 For example, a patient who learns from the Internet that bone sarcomas are more common than soft tissue sarcomas may be startled to hear his physician say otherwise, and such contradictions have the potential to create doubt and distrust in the patient's mind.
Furthermore, patients may spend hours in fruitless, frustrating searches, finding a few helpful sites but sifting through many dead ends. Attempts to access medical information using search engines may be very cumbersome and time-consuming. We found that nearly 50% of the URLs appearing in the top 100 listings of search engines were either inaccessible, not in English, or unrelated to the medical topic searched. That there were only 29 duplicates found when 4 different search engines were examined in our study suggests that there may be considerable variability depending on the search engine used. Alternative medicine has a substantial presence on the Internet, yet in our study we did not demonstrate significant referencing of alternative medicine. However, many alternative medicine Web sites have a home page with conventional general medical information. Surfing from that page will reveal alternative and complementary approaches rather than orthodox medicine. Limiting our evaluation to the page on which we landed from the search engine may have prevented us from accessing virtual stores of alternative medicine providers. Alternative providers also may focus their attention on the more commonly diagnosed diseases such as cancer of the breast or prostate, rather than Ewing sarcoma. Investigations currently are underway to evaluate this hypothesis. Had we performed our study by searching therapies, rather than by searching a disease, we would have found abundant information regarding such alternative medicines as hydrazine sulfate, shark cartilage, and coffee enemas.
The Internet has the potential to be helpful to both physicians and patients. Volumes of appropriate, accurate, and peer-reviewed information contained on Web pages are present, and previous difficult information distribution issues now can be relieved. The Internet can be a powerful, positive partner to the health care provider in patient education. Better health care results when patients are more involved with their treatment choices, more informed regarding their disease, and more invested in their health care.
Based on our experience, we have made the following recommendations. Healthcare providers need to remain open-minded and not feel threatened when patients arrive in the office with reams of information downloaded and printed from the Internet. We should be unafraid to explore new information discovered by patients, and recognize that this is not a challenge to our authority but rather an effort by patients to understand their disease. In the course of events, we should anticipate that patients occasionally will come armed with legitimate information we have not yet seen ourselves. The most productive course of action is to evaluate this information with the patient and recognize the opportunity for our own edification.
Physicians and other health care workers also must take the lead in helping patients to understand the variability of Web page postings and the possibility of misinformation. Education regarding the peer review process will help patients learn its importance in critically evaluating medical information. As patients understand the rigorous standards applied to medical and scientific journals, they will be able to contrast those information sources with anecdotal or unsub- Alternative and complementary medicine exposure on the Internet must not be discounted. The Internet has brought a new opportunity to promoters of alternative medicine, allowing free advertisement with few restrictions. Open-ended questions and a nonjudgmental attitude regarding complementary medicine information retrieved from the Internet are the best tools to encourage patients to discuss their questions, concerns, and findings, and to permit discussion regarding the role that complementary medicine, along with conventionally tested orthodox medicine, may play in their care.
Finally, we may be able to best help our patients by reviewing relevant Web sites in our areas of expertise and making specific Web site recommendations to patients. At the University of Michigan Comprehensive Cancer Center, we have created a mechanism for physician review of medical information Web sites that we believe are appropriately recommended to patients. Health care providers with expertise in specific areas review Web sites carefully and sort them by specific diagnoses prior to listing them on the Cancer Center Web site as a source of additional information.
CONCLUSIONS
Although misleading or inaccurate information may be present on a small number of Web pages, the potential effects such postings may have on vulnerable patients is of concern. In addition, inaccuracies may be contradictory to the information given by the physician, creating patient doubt and distrust.
We recommend that physicians maintain an open mind regarding searches done by patients and questions raised by those searches. We suggest that physicians take an active role in identifying or creating accurate patient information Web sites and educate the lay public regarding variations in the quality of information and the contribution of the peer review process.
Computer literacy and an Internet connection must be a part of postgraduate physician education to enable us to best help our patients. The reality is that the Internet is here, growing, and will play an ever increasing role in the care of our patients. The best approach to coping with this reality is to be proactive and to recognize the opportunities that the Internet can provide for improvement of patient care.
